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SUREOHPLQRUGHUWRPDNHFRXUW\DUGVHQYLURQPHQWDODFWLYHLQKRWGU\UHJLRQV$FFHSWDEOHWKHUPDOFRPIRUWFDQ
EHJRWWHQWKURXJKFRXUW\DUGGHSHQGLQJRQQDWXUDOUHVRXUFHVWRSUHVHUYHHQHUJ\DFFRUGLQJWRPDQ\GHVLJQYDOXHV
VXFKDVHQFORVXUHUDWLRSHQHWUDWLRQJUDLQDQGVWDJJHULQJDVDUHVHDUFKK\SRWKHVLV
([SHULPHQWDO ZRUN ZLOO EH GLVFXVVHG WKURXJK D VDPSOH RI FRXUW\DUG LQ PRGHUQ  EXLOGLQJ RI JULG LURQ
SODQQLQJSDWWHUQE\XVLQJHQYLURQPHQWDOLQVWUXPHQWVWRPHDVXUHWKHDFWLYLW\RIFRXUW\DUGDQGWKHHIIHFWRILWV
YDOXHVWRUHGXFHHQHUJ\DQGJHWWKHUPDOFRPIRUWLQPDQ\PRQWKVRID\HDUE\DGDSWLQJWKHQDWXUDOUHVRXUFHVRI
WHPSHUDWXUHDLUPRYHPHQWYHQWLODWLRQDQGKXPLGLW\DVEDVLFHOHPHQWVRIWKHSURFHVV

1-1 Research problem 
7KHUHVHDUFKSUREOHPDSSHDUV WKURXJKWKHPHFKDQLVPRIFRXUW\DUGDV WUDGLWLRQDOHOHPHQWV WREHDFWLYHLQ
PRGHUQDUFKLWHFWXUDOEXLOGLQJV
1-2 Research methodology 
$QDQDO\WLFDODSSURDFKDVVLVWVZLWKH[SHULPHQWDOZRUNZLOOEHGHSHQGHGWKURXJKWKHEDVLFHOHPHQWVRI
WKHUPDO FRPIRUW WHPSHUDWXUH  KXPLGLW\  DQG DLU PRYHPHQWWR PHDVXUH 7KHUPDO SHUIRUPDQFH DFFRUGLQJ WR
PDQ\VDPSOHVRIFRXUW\DUGLQPRGHUQEXLOGLQJV
&RQFHSWXDOIUDPHZRUN
&RQFHSWXDOUHVHDUFKIUDPHZRUNH[WHQGVWKURXJKWKHRUHWLFDODSSURDFKFRQFHQWUDWHVRQPDQ\LQGLFDWRUVDQG
YDOXHVUHODWHGZLWKWKHUHVHDUFKSUREOHPLQRUGHUWREXLOGWKHRUHWLFDOEDVH
2-1 Courtyard in the traditional buildings 
&KDUOHV&RUUHDPHQWLRQHGWKDWFRXUW\DUGLVDSDWWHUQWKDWLVWRDFURVVDGHVHUWDQGHQWHUDKRXVH
DURXQG LWDQGDSOHDVXUHEH\RQGPHUHSKRWRJHQLF LPDJHPDNLQJDW%XW LV LQXQGHUVWDQGLQJDQGXVLQJ WKHSDVW
PXVWQHYHUIRUJHWRXUQHZOLIHFRQGLWLRQVDQG WKHDFWXDOUHDOLW\:HDOOKDYH WRVHH WKHSDVWDQG LWVZRUN,W LV
PRVWYLWDO$UFKLWHFWXUHLVDQDJHQWRIFKDQJHWRLQYHQWWRPRUURZZLWKQHZFUHDWLRQDVWKHILQHVWIXQFWLRQ>@
0RUDHV.	*XQH\$UHIHUUHGWKDWSUHFHGHQWVVKDSHVDUHWKHUHIOHFWLRQRIWKHXVHRIWHUPLQRORJ\DQG
LQWURGXFHGWZRDFFRXQWVWKHILUVWUHIHUVWRZKDWLVWKHWUDQVIHUUHGIRUPLQWRDWDUJHWGHVLJQDQGKRZWRXVHDQG
DGDSWDWLRQRISUHFHGHQWVLQDUFKLWHFWXUDOGHVLJQ2QWKHRWKHUKDQGKRZSUHFHGHQWVDUHLGHRORJLFDOO\UHFROOHFWHG
LQDPRGHUQWHFKQLTXHRIGHIDPLOLDUL]DWLRQVZKLFKSD\VLW+RZDUFKLWHFWVDQGGHVLJQHUVUHFROOHFWWKHLUSUHFHGH
WHQWV LQ QHZ RQH > @ $FFRUGLQJ WR &*DOOR0  6DOD $006D\LVK  D WUDGLWLRQDO FRXUW\DUGZDV
VXUURXQGHGE\KLJKQDUURZURRPVKDYLQJODUJHXQJOD]HGZLQGRZVIDFLQJWKHFRXUW\DUG,WLVFRPSOHWHO\RSHQHG
WRVN\DQGVRPHRIWKHPSDUWLDOO\FRYHUHGZLWKRYHUKDQJVDQGDUFKHV7KH\ZHUHRIGLIIHUHQWVL]HGHSHQGLQJRQ
WKHFOLPDWHDQGJHRJUDSK\>@2VDPDUHIHUUHGWKDW1DWXUDOYHQWLODWLRQLVXVHGLQKRWGU\]RQHVHVSHFLDOO\
LQ$UDEUHJLRQVRI,UDTDQG$UDELD6DXGLDQGWKH$UDELDSHQLQVXOD>@
2-1 -1 Courtyard mechanism to be as temperature organizing in tradition Architecture 
6\VWHPDWLFPHFKDQLVPJRYHUQHGWKHWUDGLWLRQDOXUEDQWLVVXH0DQ\UHVHDUFKHUVZURWHDERXWFRXUW\DUGDQG
LWVIXQFWLRQ7KHUHVHDUFKZLOOFRQFHQWUDWHLWVHQYLURQPHQWDOHIIHFWRQWKHEXLOGLQJDVDZKROHDQGWKHFRXUW\DUG
VSDFHV $006D\LVK  PHQWLRQHG WKDW FRXUW\DUGV DUH RI GLIIHUHQW VL]H DQG VKDSH  DFFRUGLQJ WR
JHRJUDSKLFDO]RQHDQGW\SHRIFOLPDWH,QKRWKXPLGUHJLRQVWKH\DUHODUJHLQRUGHUWRSURYLGHJRRGYHQWLODWLRQ
EXWLQKRWGU\DQGGXVWUHJLRQWKH\ZLOOEHVPDOOLQRUGHUWRKDYHSURWHFWLRQDJDLQVWKRWDQGXQGHVLUDEOHZLQG>@
6DKLUDONDLVVLPHQWLRQHGWKDWFRXUW\DUGLQWKHWUDGLWLRQDODUFKLWHFWXUHLVWKHEDVLFHOHPHQWWKDWJRYHUQV
WKH UHODWLRQ EHWZHHQ EXLOGLQJ DQG LWV VXUURXQGLQJV 7KH PRVW LPSRUWDQW UHODWLRQ LV ZLWK WKH DOOH\  DV
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HQYLURQPHQWDOFRQWURODQGLWVIRUPDWLRQDFFRUGLQJWRLWVZLGWKDQGVXUURXQGLQJEXLOGLQJVZKLFKDOZD\VRIWZR
VWRULHV  7KH HQYLURQPHQWDO PHFKDQLVP KDV EHHQ DIIHFWHG E\ WKDW GXDOLW\ DFFRUGLQJ WR SRVLWLYH DQG QHJDWLYH
YDOXHVRIWKHGHJUHHRIVXQH[SRVLQJDQGDLUPRYHPHQWE\SUHVVXUHFKDQJHWKHUHODWLRQDOVRKDVEHHQDIIHFWHGE\
PDQ\PDMRUHOHPHQWVIRXQGLQWUDGLWLRQDODUFKLWHFWXUHOLNH%DGJDLUDQGEDVHPHQW>@
&RXUW\DUGUHIHUVWRSULYDWHUHDOPLQWKHILJXUDWLRQRIDUFKLWHFWXUHDQGWKHJOREDOIRUPDWLRQRIWKHWLVVXHRI
WKHWUDGLWLRQRIWKHFLW\7KHUHLVDQLPSRUWDQWUHODWLRQEHWZHHQWKHSULYDWHUHDOPDQGWKHSXEOLFUHDOP$FFRUGLQJ
WR )HU\  SXEOLF UHDOP UHIHUV WR WKH FLW\  ZKLFK 5RE NULHUFDOOHG 5HV SXEOLFD LQFOXGLQJ DOO SXEOLF
PRQXPHQWVKDOOVPHPRULDODQGSXEOLFZRUNVWKHIHDWXUHRIWKHFLW\WKHXUEDQFRPSRQHQWV>@DFFRUGLQJWKDW
WKHUH LV VHSDUDWLRQ DQG LQWHJUDWLRQ EHWZHHQ WKH XQLWV FRPSRQHQWV DQG WKHZKROH V\VWHP  EHWZHHQ WKH SULYDWH
UHDOPDQGWKHSXEOLFUHDOPLQWKHWUDGLWLRQDOFLW\&RXUW\DUGLVDFRPSRQHQWLQWKHXQLWILJXUDWLRQZKLFKDIIHFWV
WKHXQLWDQGWKHJOREDOV\VWHPRIWKHXUEDQWLVVXH
$FFRUGLQJWR)HU\WRZQVDQGFLWLHVLQWKHSDVWGHYHORSHGLQFUHPHQWDOO\ZLWKRXWPDVWHUSODQDQG
ZLWKYHU\JRRGUHVXOWVZKHQLQVDQGWKHVJUDQG±VFDOHPDVWHUSODQVGHYHORSLQJWKLQJVGUDPDWLFDOO\
>@
2-1-2 The Act of activation in modern buildings of courtyard Pattern & Grains effect 
*UDLQDOZD\VUHIHUVWRWKHUHODWLRQEHWZHHQPDVVDQGVSDFH$FFRUGLQJWR$VKLKDUDVSDFHDQGPDVV
DUHRIHTXLSRWHQWLDOW\ LQ WKHLUFRPPRQUHODWLRQ EXWZKHQVSDFHSHQHWUDWHVPDVV SRVLWLYHDQGQHJDWLYHYDOXHV
DSSHDUDFFRUGLQJ WRHQFORVLQJIRUFHEHWZHHQ WKHP>@ $ONDLVVL   UHIHUUHG WKDW WKHUHODWLRQEHWZHHQ WKH
SK\VLFDOIRUPVDQGWKHLUVSDFHDSSHDUVDFFRUGLQJWRHTXLSRWHQWLDOLW\RIVXUIDFHEHWZHHQPDVVDQGVSDFH:KHQ
WKHSODQHLVVPRRWKWKHUHODWLRQEHWZHHQWKHPZHDNDQGLVRIQHXWUDOFRQGLWLRQ$Q\FKDQJHLQWKHVXUIDFHIRUP
ZKLFKVHSDUDWHVWKHPZLOOFDXVHDW\SHRIJUDLQRIHQHUJ\FUHDWLRQ7KHYDOXHVDSSHDUDFFRUGLQJWRWKHJRUJHRXV
DQGUHFHVVHGRIWKHPDVV$FFRUGLQJWR$ONDLVVLSWKHJRUJHRXVHOHPHQWVEHRISRVLWLYHYDOXHDQGRI
QHJDWLYHVSDFH >@ *UDLQDQG WKHQHJDWLYHVSDFHVZLOODSSHDU LQ WKH LQWHUIDFLQJRI ILJXUHDQGJURXQGILJXUH 
JURXQG
6FKXO]PHQWLRQHGWKDWQHJDWLYHVSDFHLVDVDMRLQDFFRUGLQJWRWKHGHJUHHRIWUDQVSDUHQF\DQG
SHQHWUDWLRQ EHWZHHQ RXWHU DQG LQQHU VSDFHZLWK WUDQVLW ]RQHZLOO EH DSSHDU >@*UDLQ LQ ,VODPLF DUFKLWHFWXUH
DFFRUGLQJWR$UGDODQWKDWDUHPDQ\HOHPHQWVDSSHDUHGVSHFLDOO\WKHDUFKLVRQHRIWKHEDVLFHOHPHQWRI
LQQHU FRXUW \DUG VSDFH$UFKHV DOZD\V ILJXUDWH UHFHGHG HOHPHQWV RI WKHZDOOV DVPRUSKRORJLFDO W\SH$UFKHV
FUHDWHFRQWLQXRXVFRQQHFWLRQRIVSDFHDFFRUGLQJWRWKHSURFHVVRIWUDQVLWLRQDQGH[SDQVLRQLQRUGHUWRERQGWKH
PDVVWRWKHUHFHGHGHOHPHQWVLQDSK\VLFDOYROXPHV>@
%HVLPKDNLPPHQWLRQHGWKDWKLVWRU\RIFRPSUHKHQVLYHV\VWHPLQ,VODPLFVRFLHWLHVLVLQFOXGHGLQ$UDELD
SHQLQVXOD  ZKLFK FRQWUROOHG UHJXODWHG FRQVWUXFWLRQ DFWLYLWLHV DQG FKDQJHV ZLWKLQ WKH EXLOW HQYLURQPHQW 7KH
SURFHVVRIFKDQJHDQGJURZWKWUDGLWLRQDOV\VWHPZLWKDVVRFLDWHGYDOXHVFRQWLQXHGWRWKHVDQGJUDGXDOO\ZDV
DGRSWHGWRPRGHUQLVPZKLFKLWDIIHFWHGWKHEXLOWHQYLURQPHQWDFFRUGLQJWRWKHIDFWRURIFKDQJH>@

7DEOHGHFODUHVPDMRUXUEDQIRUPYDULDEOHVRIJULGLURQFLW\7KHUHVHDUFKHU
0DMRUYDULDEOHV 3DWWHUQV
3ODQQLQJ	GHVLJQRUJDQL]DWLRQDOJULGLURQ :LGHVWUHHWVZLWKKLHUDUFK\
&RPELQDWLRQRIEXLOGLQJV 'HWDFKHGEXLOGLQJVZLWKUHFHVVHVFRXUW\DUGDEVHQFH
6WUXFWXUDOHOHPHQWV 0RGHUQSDWWHUQV
,QWHJUDWHGYDULDEOHV 2XWGRRUORRNLQJDSSHDUDQFH
2-1-3 Courtyard Indicators 
2QHRIEDVLFFRXUW\DUGVLQGLFDWRULVHQFORVXUH7KHYDOXHVRIJUDLQDSSHDUDFFRUGLQJWRHQFORVXUHFRQGLWLRQ
DQG WKH UHODWLRQ EHWZHHQ VSDFH DQG HQYHORSH $VKLKDUD UHIHUUHG WKDW VSDWLDO RUGHU ZLOO EH FUHDWHG
FHQWULSHWDOO\E\JLYLQJVRPHGHJUHHRIDQHQFORVHGIHHOLQJWRHDFKFRPSRQHQWVDUHDVRIWKHH[WHULRUVSDFH7RWKLV
HQG LW LVQHFHVVDU\ WRSD\DWWHQWLRQ WR WKH VKDSH TXDOLW\DQG ORFDWLRQZDOOV >@6RVFDOH LVYHU\ LPSRUWDQW LQ
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GHWHUPLQLQJ WKH GHJUHH RI HQFORVXUH LQ FRXUW\DUG DFFRUGLQJ WR WKH UHODWLRQ EHWZHHQ KHLJKW DQG KRUL]RQWDO
GLPHQVLRQVRIWKHVSDFH
$VKLKDUDUHIHUUHGWKDWTXLWHDODUJH+'UDWLRDQGWKHIORRULVUHODWLYHO\URXJK7KHH[WHULRUVSDFHLV
VPDOOHUZLWK+'UDWLRHTXDOLQJ>@,QWKLVGLUHFWLRQVFDOHDQGSURSRUWLRQDUHLPSRUWDQWYDOXHVDSSHDULQ
FRXUW \DUG ILJXUDWLRQGHWHUPLQLQJ LWV FKDUDFWHU DQG DELOLW\ RI QHJDWLYH RU SRVLWLYH YDOXHV+LHUDUFK\ LV DQRWKHU
YDOXHRILQQHUHQFORVHGVSDFHZLWKH[WHULRUVSDFH$VKLKDUDPHQWLRQHGWKDWH[WHULRUVSDFHFRQVLVWVRIRQHVSDFH
WZRVSDFHVRUDQXPEHURIFRPSOH[VSDFHVDQGLW
VSRVVLEOHWRFRQFHLYHDKLHUDUFKLFDORUGHULQVSDFHV>@WKLV
SURSHUW\UHIHUVWRSHQHWUDWLRQWKURXJKWKHUHODWLRQVEHWZHHQLQQHUVSDFHRIFRXUW\DUGDQGH[WHULRUVSDFH*UDLQ
DOZD\VUHIHUVWRWKHUHODWLRQEHWZHHQVSDFHDQGLWVVXUURXQGLQJVXUIDFHVDVHQFORVXUHFKDUDFWHU7KHSURSHUWLHVRI
WKHUHODWLRQLVWKHILQHVW  LI WKHUHLVHTXLSRWHQWLDOLW\EHWZHHQVSDFHDQGVXUURXQGLQJSODQHVZKLFKILJXUDWHWKH
FRXUW\DUGIRUPWKHUHODWLRQEHJUDLQLIWKHUHLVSHQHWUDWLRQEHWZHHQWKHP7KHUHLVHQWLUHSHQHWUDWLRQZKHQWKHUH
LVHQWLUHFRPPXQLFDWLRQEHWZHHQLQQHUFRXUW\DUGVSDFHDQGH[WHULRU7KHUHLVSDUWLDOSHQHWUDWLRQZKHQWKHUHLV
UHFHVVLRQRUVHVVLRQRIWKHFRXUW\DUGIRUPDVSURWUXVLRQV

7DEOHGHFODUHEDVLFYDOXHV	VHFRQGDU\YDOXHV5HVHDUFKHU
6HFRQGDU\YDOXHV0DLQYDOXHV,QGLFDWRUV
+'VFDOH(QFORVXUH
 SURSRUWLRQ
(QWLUHFRQQHFWLRQLQQHU	H[WHULRU+LHUDUFK\3HQHWUDWLRQ
3DUWLDOFRQQHFWLRQ
(TXLSRWHQWLDO3RVLWLYH	QHJDWLYHYDOXHV6SDFH	PDVVUHODWLRQ
3URWUXVLRQVVWDJJHULQJYHUWLFDO	KRUL]RQWDO
2-2 Thermal comfort
7KHUPDOFRPIRUWDFFRUGLQJ WR$6+5$(VWDQGDUG ,VFRQGLWLRQRIPLQG WKDWH[SUHVVHVVDWLVIDFWLRQ
ZLWKWKHUPDOHQYLURQPHQWLWLVDFRPIRUW]RQHRIFOLPDWLFFRQGLWLRQZKLFKPDMRULW\RISHRSOHZRXOGQRWIHHO
GLVFRPIRUWLQLW,QWKHSDVWIHZGHFDGHVWKHUHKDYHEHHQVHYHUDODWWHPSWVWRGHYHORSDV\VWHPDWLFPHWKRGRORJ\
IRUDGDSWLQJWKHGHVLJQRIDEXLOGLQJWRKXPDQUHTXLUHPHQWVDQGFOLPDWLFFRQGLWLRQV6XFKDWWHPSWVLQFOXGHWKH
GHYHORSPHQWRIWKHEXLOGLQJELRFOLPDWLF>@WKHUPDOFRPIRUWDOZD\VUHIHUVWRVDWLVI\ZLWKFOLPDWHLQRUGHUWRJDLQ
PLFURV\VWHP7KHUPDOFRPIRUWGLIIHUVIURPRXWDQGLQVSDFH(DFKVLWXDWLRQLVRIVSHFLDOLQGLFDWRUVWKDWDIIHFWWR
JDLQWKHUPDOFRPIRUW0DFSKHUVRQFODVVLILHGVL[IDFWRUVIRULQQHUVSDFHVLQFOXGLQJWHPSHUDWXUHDLUPRYHPHQW
KXPLGLW\ UDGLDQW WHPSHUDWXUHPHWDEROLF UDWH DQG FORWKLQJ OHYHOV >@0DQ\ RWKHU VWXGLHV FRQFHQWUDWH RQPDMRU
IDFWRUVLQRXWVSDFHWREHRIWKHUPDOFRPIRUW$FFRUGLQJWR6KDKLQWKHUPDOFRPIRUWFDQEHGHWHUPLQHG
E\IRXUIDFWRUVLQRXWHUVSDFHLQFOXGLQJWHPSHUDWXUH$LUPRYHPHQWKXPLGLW\DQGYDSRUSUHVVXUHUHODWHZLWKDLU
PRYHPHQWDQGZDWHUTXDQWLW\LQLW>@7KHUPDOFRPIRUWDFFRUGLQJWR2OJ\D\VELRFOLPDWLFFKDUWLVWHPSHUDWXUH
FKXPLGLW\DQGDLUPRYHPHQWVSHHGPVPV>@7KDWLVIRULQGRRULQWHULRUEXLOGLQJV
DQGFDQDGDSWIRUH[WHULRUVSDFHV
2-2-1 Hot dry zone  
&RDFK   FODVVLI\ ILYH W\SHVRI FOLPDWHV FROG FOLPDWHV  GU\ZDUPFOLPDWHVZHWZDUPFOLPDWHV 
ZLQG\ FOLPDWHV  FRPSOH[ FOLPDWHV DQG HDFKRI WKHVH FOLPDWHV LV RIPDQ\ FKDUDFWHUV>@$OWKRXJK WKHUH LV DQ
RWKHU FOLPDWHV RI KRW GU\ FOLPDWHV LQ WKH UHJLRQV ZLWK WKLV W\SH RI FOLPDWH DWWHPSW LV QRUPDOO\ PDGH WR WDNH
DGYDQWDJHRIWKHJUHDWWHPSHUDWXUHYDULDWLRQGXULQJWKHGD\QLJKWF\FOH2XUVWXG\FRQFHQWUDWHVKRWGU\UHJLRQ
'U\FOLPDWHFODVVLILHGLQWRWZRSDUWVWKHGU\DULGFOLPDWHDQGWKHGU\VHPLDULGFOLPDWH7KHGU\DULGRIDFOLPDWH
LVDOPRVWRI WKH ODQGVXUIDFH'U\FOLPDWH LV VSUHDGD ORQJIURPQRUWKDQGVRXWKRI WKHFRQWLQHQWDO
UHJLRQVRIWKHPLGODWLWXGHV>@,UDTOLHVEHWZHHQODWLWXGHV1DQGORQJLWXGHV(DQGVPDOODUHDOLHV
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ZHVWRI0RVWRI,UDTLFOLPDWHLVKRWDULGZLWKVXEWURSLFDOLQIOXHQFHV7KHVXPPHUWHPSHUDWXUHLVRIDYHUDJH
DERXWFIRUPRVWRIWKHFRXQWU\DQGVRPHWLPHH[FHHGVF>@
2-2-2 Sustainability &Courtyard in traditional buildings:
6XVWDLQDELOLW\DOZD\VUHIHUVWRWKHRSWLPL]LQJXVDJHRIQDWXUDOUHVRXUFHV7KHPHDQLQJRIHQHUJ\UHGXFWLRQ
LVRQHRIVXVWDLQDELOLW\JRDOVWKHUPDOFRPIRUWDQGVXVWDLQDELOLW\PHDQWKHVPDUWGHDOLQJZLWKQDWXUDOUHFRXUVHVWR
EHDFFHSWDEOHIRUSHRSOH,VODPDVUHOLJLRQKDVGHHSUHVSHFWDQGFRQVLGHUDWLRQRIQDWXUDOHQYLURQPHQW>@7KH
VWUHQJWK RI YHUQDFXODU DUFKLWHFWXUH LV WKDW LW EOHQGV EXLOGLQJV LQWR YDULRXV VHWWLQJV VR WKDW WKHUH LV D QDWXUDO
KDUPRQ\EHWZHHQFOLPDWHDUFKLWHFWXUHDQGSHRSOH,QFRXQWULHVVXFKDV,UDTWKHUHKDYHEHHQHYROYHGEXLOGLQJV
ZKLFK QRW RQO\ GHPRQVWUDWH WKLV KDUPRQ\ DQG XQLW\ EHWZHHQ SHRSOH DQG WKHLU HQYLURQPHQW 7KHUH DUH PDQ\
HOHPHQWVDIIHFWWKHSURFHVVRIWKHUPDOFRPIRUWLQFRXUW\DUGVFRXUW\DUGZDOOVEDGJDLU
%HVLP+DNLP PHQWLRQHG LQKLV$UDE,VODPLFVWXGLHVDERXW WUDGLWLRQDOXUEDQVWUXFWXUHIDEULF WKDW
WKHUHDUHWKUHHYDULDEOHVJRYHUQLQJWKHXUEDQIRUPRIWKH,VODPLFFLW\DFFRUGLQJWR
2UJDQL]DWLRQDOSODQQLQJDQGGHVLJQYDULDEOHVDFFRUGLQJWRVWUHHWVDQGSDWKVUHODWHVZLWKWKHJOREDOSK\VLFDO
IUDPHWKHORFDOYDULRXVDFFRPPRGDWLRQUHODWLRQVDQGEXLOGLQJVW\SH
&RPELQDWLRQRIEXLOGLQJVDQGWKHRUJDQL]DWLRQDOHOHPHQWV
3ULPDU\EXLOGLQJVHOHPHQWVWKHLUYDOXHVRIPDWHULDOVDQGWHFKQLTXH>@
%HVLP+DNLP    DOVR GHVFULEHG  WKDW RUJDQL]DWLRQDO  SODQQLQJ DQG GHVLJQYDULDEOHV UHODWHVZLWK
PDQ\HOHPHQWVOLNH
6WUHHWV\VWHP
(OHPHQWVDERYHWKHVWUHHWV
7KHFRPELQDWLRQRIEXLOGLQJVUHODWHVZLWK
&RXUW\DUGVEXLOGLQJ
&RXUW\DUGVHOHPHQWV>@
6D\LJK0DUDILDUHIHUUHGWKDWWUDGLWLRQDOFRXUW\DUGZDVVXUURXQGHGE\KLJKQDUURZURRPV7KHUH
ZDVPDQ\XQJOD]HGRSHQLQJVIDFLQJWKHFRXUW\DUG7KHUHZDVDOVRVRPHWLPHSDUWLDOO\DUFDGHV&RXUW\DUGVZHUH
RI YDULRXV VL]HV DFFRUGLQJ WR WKH JHRJUDSKLFDO ORFDWLRQ DQG WKH W\SH RI WKH FOLPDWH 7KH PHFKDQLVP RI WKH
FRXUW\DUGRIPDQ\DUHDVEHORZ
x &RRODLURIQLJKWNHSWIRUPDQ\KRXUVIURPWKHKRWZLQG
x 5RRPVGUDZGD\OLJKWDQGFRRODLUIURPFRXUW\DUG
x 9HQWLODWLRQHQKDQFHVGXULQJWKHRSHUDWLRQ
x &RPIRUWDEOHRXWGRRUVSDFHSURYLGHG
6D\LJK0DUDILDUHIHUUHGWR7DOLEVPRGHODFFRUGLQJWRWKHFRXUW\DUGF\FOHZKLFKDUHGHVFULEHG
GXULQJ K WKURXJK WKUHH SKDVHV ,Q WKH VW SKDVH FRRO QLJKW DLU GHVFHQGV LQWR FRXUW\DUG DQG LQWR VXUURXQGLQJ
URRPVDQGFRROZLOONHHSWRWKHDIWHUQRRQ&RXUW\DUGORVHVKHDWE\UDGLDWLRQWRQLJKWVN\'XULQJWKHQGSKDVH
RIPLGGD\WKHVXQVWURNHVFRXUW\DUGGLUHFWO\6RPHFRRODLUEHJLQVWRULVHDQGDOVROHDNRXWRIWKHVXUURXQGLQJ
URRPV ,Q WKDWPRRGWKHFRXUW\DUGDFWVDVDFKLPQH\0DVVLYHZDOOVSUHYHQWH[WHUQDOKHDW WRSHQHWUDWHDQG WKH
SHQHWUDWLRQ LVGHOD\HG  LW GHSHQGVRQ WLPH ODJRI WKHZDOOZKLFK DOO RI WKDW VKDSH DSKDVH  LQ WKH ODVW SKDVH
HVSHFLDOO\LQWKHDIWHUQRRQFRXUW\DUGDQGLQQHUVSDFHVRIURRPVEHFRPHZDUPHU$IWHUVXQVHWWKHDLUWHPSHUDWXUH
DQGFRXUW\DUGEHJLQVWRGHVFHQGLQWRFRXUW\DUGDVDFRPSOHWHF\FOH
&RXUW\DUGLVRIJUHDWHIIHFWLQDULGUHJLRQZKLFKRIGLXUQDOWHPSHUDWXUHYDULDWLRQ>@%DGJDLULVDOVREDVLF
HOHPHQWRIWKHRSHUDWLRQGXULQJWZRGXDOLWLHV
x 1LJKW RSHUDWLRQ ZKHQ WKHUH LV QR EORZLQJ RI WKH ZLQG DQG WKH EDGJDLU WRZHU SHUIRUPV DV D FKLPQH\ 
7KURXJKWKHGD\WKHEDGJDLUZDOOKDYHEHHQKHDWHGDQGWKHKHDWHGDLULVH[KDXVWHGWKURXJKWKHWRZHU7KH
FLUFXODWLRQRIDLUWKURXJKWKHZDOOZLOOFRROWKHVWUXFWXUHDQGWKHEDGJDLUZDOOVDOVR
x 'D\RSHUDWLRQZKHQWKHUHLVQRZLQGEORZLQJGXULQJWKHGD\WKHEDGJDLUDFWDVFKLPQH\FROGZDOOVDQGDLU
ZLOOEHSXOOHGGRZQWKURXJKWKHEDGJDLUWRZHU:KHQWKHUHLVQRZLQGEORZLQJERWKDLUFLUFXODWLRQFRROHU
DLU LVGHOLYHUHGLQVLGHWKHEXLOGLQJ:LQGSHUIRUPDQFHDQGEDGJDLUVKDSHDVHOHPHQWWKURXJKKHLJKWFURVV
VHFWLRQDQGRULHQWDWLRQZLOODIIHFWWKHSURFHVV>@
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$SSOLFDWLRQ
7KHUHLVWZRUHVHDUFKVDPSOHVZKLFKKDGEHHQFKRVHQLQRUGHUWRHYDOXDWHWKHK\SRWKHVLVGHVLJQYDOXHVRI
HQFORVXUH UDWLR SHQHWUDWLRQ JUDLQ DQG VWDJJHULQJ   GHSHQGLQJ RQ H[SHULHQWLDO PHWKRGRORJ\ 7KH UHVHDUFKHU
VHOHFWEXLOGLQJVDPSOHVFRQWDLQLQJFRXUW\DUGLQLWVGHVLJQ7KHEXLOGLQJVDUHRIJULGLURQSODQQLQJ7KDWVDPSOHV
VLWXDWHG LQ %DE\ORQ SURYLQFH 7KH SURYLQFH LV RI KRW GU\ FOLPDWH DQG OLHV EHWZHHQ ODWLWXGHV  1 DQG
ORQJLWXGHV(>@7KHVDPSOHLVLQ+LOODWKHFHQWHURI%DE\ORQSURYLQFH
3-1 Experimental work sample 
7KHVDPSOHVKDGEHHQVHOHFWHGLQRXUUHVHDUFKDVVKRZQLQ7DEOH

7DEOHGHFODUHVVHOHFWHGVDPSOHVGDWD5HVHDUFKHU
&RXUW\DUGUDWLR2ULHQWDWLRQ6WRULHVQR3ODQQLQJSDWWHUQ%XLOGLQJW\SH6DPSOHQR
(DVWVWRULHVZLWKUHDUWRZHU*ULGLURQ3XEOLFRIILFHEXLOGLQJ&
ZHVWVWRULHV*ULGLURQUHVLGHQWLDO&

7KH UHVHDUFK GHSHQGHG RQ PDQ\ LQVWUXPHQWV3&( ± $ IRU ZLQG IRUFH 	 3&((0 (QYLURQPHQW
PHWHUIRUWHPSHUDWXUHDQGKXPLGLW\LQRUGHUWRPHDVXUHWKHEDVLFHOHPHQWVRIWKHUPDOFRPIRUWWKHSRVLWLRQVDQG
UHVXOWV RI WKH H[SHULPHQWV  VKRZQ EHORZ LQ ILJ $% $% $% DQG WDEOHV $%&' $%&' ±
$%&'$OOPHDVXUHPHQWVWRRNSODFHLQWKHEHJLQQLQJRI2FWREHU7KHVHOHFWLRQRIWKDWPRQWKKDGEHHQ
GHSHQGHGIRULWLVDWLPHRIQDWXUDOWKHUPDOFRPIRUWPXVWEHIRXQGHGDQGIDUDZD\IURPPHFKDQLFDOHQHUJ\
XVDJHLQRUGHUWRUHGXFHHQHUJ\FRQVXPSWLRQ
 
 
 
 
 


)LJD&DFFRUGLQJWRVHFWLRQDO3ODQQLQJE&DFFRUGLQJWRVHFWLRQDOSODQQLQJ
5HVHDUFKHU
 
 
 
 
 
 
 



)LJD&VHFWLRQ$$E&JURXQGIORRUSODQ5HVHDUFKHU







D E
D E
D

E

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)LJD&VHFWLRQ$$E*URXQGIORRUSODQ5HVHDUFKHU

 










)LJD&FRXUW\DUGLQQHUVSDFHE&&RXUW\DUGLQQHUVSDFH5HVHDUFKHU
   3-1-1 C1: Public buildings Courtyard (middle Euphrates electrical building)  data
7DEOH$GHFODULQJWKHGDWDDW$0
1RWHVKXPLGLW\$LUPRYHPHQW7HPSHUDWXUH6LWXDWLRQSRLQW
$OOGDWDDWDP





7DEOH%GHFODULQJWKHGDWDDWPLGRIGD\
1RWHVKXPLGLW\$LUPRYHPHQW7HPSHUDWXUH6LWXDWLRQSRLQW
$OOGDWDDWPLGGD\







7DEOH&GHFODULQJWKHGDWDDW30

1RWHVKXPLGLW\$LUPRYHPHQW7HPSHUDWXUH6LWXDWLRQSRLQW
$OOGDWDDWSP




D E
197 Hamzah Salman Al-Mamoori /  Procedia Environmental Sciences  34 ( 2016 )  190 – 201 

7DEOH'GHFODULQJWKHGDWDDW307DEOH&GHFODULQJWKHGDWDDW30
1RWHVKXPLGLW\$LUPRYHPHQW7HPSHUDWXUH6LWXDWLRQSRLQW3
$OOGDWDDWSP




3-1-2 C2: House courtyard data 
7DEOH$GHFODULQJWKHGDWDDW$0
1RWHVKXPLGLW\$LUPRYHPHQW7HPSHUDWXUH6LWXDWLRQSRLQW3
$OOGDWDDWPLGGD\





7DEOH%GHFODULQJWKHGDWDDWPLGRIGD\
1RWHVKXPLGLW\$LUPRYHPHQW7HPSHUDWXUH6LWXDWLRQSRLQW3
$OOGDWDDWPLGGD\





7DEOH&GHFODULQJWKHGDWDDW30
1RWHVKXPLGLW\$LUPRYHPHQW7HPSHUDWXUH6LWXDWLRQSRLQW3
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3
$OOGDWDDWSP





$OOSRLQWVVLWXDWLRQDVEHORZ
3LQSHQHWUDWLRQVSDFH
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3±PLGGOHRIFRXUW\DUG
3±KRUL]RQWDORUYHUWLFDOHOHPHQWVJUDLQ
3±LQWKHHGJHRIEXLOGLQJHGJHRIEXLOGLQJDQGRXWHUVSDFH
3±H[WHULRUVSDFH
3-2- Discussions 
7KHDQDO\]LQJRIWKHUHVHDUFKGHSHQGVRQWKUHHDOWHUQDWLYHVWHPSHUDWXUHZLQGIRUFHDQGKXPLGLW\DVEHORZ
3-2-1 – Graph 1$%GHFODUHWHPSHUDWXUHWKURXJKVHOHFWHGKRXUVGD\LQGLIIHUHQWSRVLWLRQV33333RI
FRXUW\DUGVSDFHVRIVDPSOHV&&DFFRUGLQJWR
$$QDO\]LQJWHPSHUDWXUHDWFORFNLQVDPSOH&WKHUHZDVFGLIIHUHQFHEHWZHHQRXWHUVSDFHSDQGWKH
FHQWHURIFRXUW\DUGVSDFHDFFRUGLQJWRHQFORVXUHUDWLR+'DQGDOOWKHRWKHUSRLQWVZDVOHVVWKDQRXWHUVSDFHLQ
WKHVDPSOH&LQDOOFRXUW\DUGSRLQWVH[WHQGHGFFDFFRUGLQJWRHQFORVXUHUDWLRQ+'
%$QDO\]LQJWHPSHUDWXUHDWFORFNWHPSHUDWXUHLQFHQWHUFRXUW\DUGRI&ZDVRIFOHVVWKDQRXWHUVSDFH
DFFRUGLQJ WR WKHDFWLYDWLRQRIDLUPRYHPHQWE\VWDJJHULQJ JUDLQDQGSHQHWUDWLRQ  WHPSHUDWH LQ&F LQ
FHQWHURIFRXUW\DUGOHVVWKDQRXWHUVSDFHSDFFRUGLQJWRWKHVDPHPHQWLRQHGUHDVRQV
&$QDO\]LQJWHPSHUDWXUHDWFORFNWHPSHUDWXUHLQFHQWHUFRXUW\DUGRI&ZDVRIFOHVVWKDQRXWHUVSDFH
DFFRUGLQJWRWKHDFWLYDWLRQRIDLUPRYHPHQWE\VWDJJHULQJJUDLQDQGSHQHWUDWLRQWKHWHPSHUDWXUHLQRWKHUSRLQWV
RI FRXUW\DUG S SS  H[WHQGHG  F  F OHVV WKDQ RXWHU VSDFH  DFFRUGLQJ WR JUDLQ  SHQHWUDWLRQ DQG
VWDJJHULQJWHPSHUDWXUHLQ&ZDVFLQFHQWHURIFRXUW\DUGSOHVVWKDQS
($QDO\]LQJ WHPSHUDWXUH DW  FORFN WKH WHPSHUDWXUH LQ &ZDV DERXW  F  F OHVV WKDQRXWHU VSDFH
DFFRUGLQJWR WKHHTXDOLW\RISUHVVXUHEHWZHHQLQDQGRXWVSDFHLQ WKDW WLPH7HPSHUDWXUHLQ&ZDVF LQ
FHQWHURIFRXUW\DUGOHVVWKDQRXWHUVSDFHDFFRUGLQJWRWKHPHQWLRQHGUHDVRQV
D E












*UDSKDEGHFODUHWHPSHUDWXUHWKURXJKVHOHFWHGKRXUVGD\5HVHDUFKHU

3-2-2 – Graph 2$%GHFODUHDLUPRYHPHQWWKURXJKVHOHFWHGKRXUVGD\LQGLIIHUHQWSRVLWLRQV33333
RIFRXUW\DUGVSDFHVRIVDPSOHV&&DFFRUGLQJWR
$$QDO\]LQJDLUPRYHPHQWYHQWLODWLRQDWFORFN
$FFRUGLQJWR3IRU&&WKHUHZDVDERXWPVIRU&&LQ3WKHUHZDVDERXWPVIRU
&&LQ3LWZDVOHVVLQ&DQGEHDFWLYHLQ&DFFRUGLQJWRWKHHIIHFWRIYHUWLFDODQGKRUL]RQWDOHOHPHQWV
DQGLQ3WKHUHZDVDLUPRYHPHQWLQ&&EHWZHHQPVDFFRUGLQJWRWKHRULHQWDWLRQ
%$QDO\]LQJZLQGIRUFHYHQWLODWLRQDWFORFN
$FFRUGLQJ WR3 IRU&& WKHUH LV DERXW PV IRU&&   LQ 3 WKHUHZDVDERXW PV IRU
&&LQ3LWZDVOHVVLQ&DQGEHDFWLYHLQ&DFFRUGLQJWRWKHHIIHFWRIYHUWLFDODQGKRUL]RQWDOHOHPHQWV
DQGLQ3WKHUHZDVDLUPRYHPHQWLQ&&EHWZHHQPVIRUDOOWLPHVDFFRUGLQJWRWKHRULHQWDWLRQ
&$QDO\]LQJDLUPRYHPHQWYHQWLODWLRQDWFORFN
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LQ3LWZDVOHVVLQ&DQGEHDFWLYHLQ&WREHDERXWPVLQ&DQGPVDFFRUGLQJWRWKHHIIHFWRI
HQFORVXUHDQGRULHQWDWLRQ
'$QDO\]LQJDLUPRYHPHQWYHQWLODWLRQDWFORFN
LQ3WKHUHLVDLUPRYHPHQWLQ&&EHWZHHQPVDLUPRYHPHQWZDVPVLQSDQGPVLQ
SDFFRUGLQJWRRULHQWDWLRQSHQHWUDWLRQDQGVWDJJHULQJ
E  

*UDSKDEGHFODUHDLUPRYHPHQWWKURXJKVHOHFWHGKRXUVGD\5HVHDUFKHU

3-2-3- Graph 3$%GHFODUHKXPLGLW\WKURXJKVHOHFWHGKRXUVGD\LQGLIIHUHQW
SRVLWLRQV33333RIFRXUW\DUGVSDFHVRIVDPSOHV&&DFFRUGLQJWR
$$QDO\]LQJKXPLGLW\DWFORFN
LQDOOSRLQWVRIFRXUW\DUGIRUFH[WHQGHGDQGLQFH[WHQGHG
%$QDO\]LQJKXPLGLW\DWFORFN
LQDOOSRLQWVRIFRXUW\DUGIRUFH[WHQGHGDQGLQFH[WHQGHG
&$QDO\]LQJKXPLGLW\DWFORFN
LQDOOSRLQWVRIFRXUW\DUGIRUFH[WHQGHGDQGLQFH[WHQGHG
'$QDO\]LQJKXPLGLW\DWFORFN
LQDOOSRLQWVRIFRXUW\DUGIRUFH[WHQGHGDQGLQFH[WHQGHG
$OOWKHGHIHUHQFHLQVSDFHVDQGKXPLGLW\DFFRUGLQJWRSHQHWUDWLRQRULHQWDWLRQSODQWVIRXQWDLQVDQGZDWHU

DE

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*UDSKDEGHFODUHKXPLGLW\WKURXJKVHOHFWHGKRXUVGD\5HVHDUFKHU
&RQFOXVLRQV
x &RXUW\DUG LV D WKHUPDO RUJDQL]LQJ SDWWHUQ LQ WUDGLWLRQDO EXLOGLQJV RI KRW GU\DQG KXPLG UHJLRQV  
DFFRUGLQJWRWKHV\VWHPDWLFIRUPDWLRQPHFKDQLVPRIWKHJOREDOSODQQLQJRIWKHWLVVXH
x $FFRUGLQJWRWKHWUDQVIRUPDWLRQRIWKHSODQQLQJSDWWHUQIURPRUJDQLFWRJULGLURQWKHPHFKDQLVPRIWKH
FRXUW\DUGFDQ
WEHDFWLYHZLWKRXWPRGLI\LQJWKHGHVLJQFKDUDFWHULVWLFVRILWVIRUPDWLRQ
x 7KHUH DUH WKUHH IDFWRUV DIIHFW WKH PHFKDQLVP RI FRXUW\DUG WR EH RI WKHUPDO FRPIRUW WHPSHUDWXUH 
KXPLGLW\ DQG DLUPRYHPHQW  DQG WKURXJKEDODQFLQJEHWZHHQ WKDW WKUHH IDFWRUV ZH FDQJHW WKHUPDO
FRPIRUWEXLOGLQJVRIFRXUW\DUGLQKRWGU\UHJLRQV
x 7KHUHDUHPDQ\GHVLJQLQGLFDWRUVDQGYDOXHVFDQDFWLYDWHFRXUW\DUGLQEXLOGLQJVRIJULGLURQSDWWHUQWR
EHRIWKHUPDOFRPIRUWLQFOXGLQJFRXUW\DUGHQFORVXUHUDWLR+'SHQHWUDWLRQLQGRRU	RXWGRRUVSDFH
UHODWLRQJUDLQDQGYHUWLFDOHOHPHQWVVWDJJHULQJ
x *UDLQHIIHFWDSSHDUV WKURXJKWKHGHJUHHRISHQHWUDWLRQEHWZHHQLQQHUFRXUW\DUGVSDFHDQGVXUURXQGLQJ
RXWHUVSDFHUHODWHVZLWKWKHSODFHRISHQHWUDWLRQDQGRULHQWDWLRQ
x *UDLQHIIHFWDSSHDUVDOVRWKURXJKWKHUHODWLRQEHWZHHQPDVVDQGVSDFHDFFRUGLQJWRPDVVHQJUDYLQJ
DQGVWDJJHULQJLQYHUWLFDOVHFWLRQRIWKHPDVVDQGVSDFHHGJH
x 7KHUPDOFRPIRUWFDQEHUHDFKHGLQFRXUW\DUGVSDFHE\LQFUHDVLQJDLUPRYHPHQWZLWKVXLWDEOHKXPLGLW\
WKHILUVWSURSHUW\FDQEHJRWWKURXJKSHQHWUDWLRQEHWZHHQRXWHU	LQQHUVSDFHRIFRXUW\DUGDQGYHUWLFDO
VWDJJHULQJWKHVHFRQGSURSHUW\FDQEHUHDFKHGE\SODQWVIRXQWDLQVDQGZDWHULQSHQHWUDWLRQSRVLWLRQRI
FRXUW\DUGLQUHJLRQVRIKRWGU\UHJLRQVDQGEXLOGLQJVRIJULGLURQSODQQLQJSDWWHUQ
x 7KHUH LV DERXW  F  F GLIIHUHQFH EHWZHHQ RXW VSDFH DQG FRXUW\DUG LQQHU VSDFH GHSHQGLQJ RQ WKH
SUHYLRXVPHFKDQLVP
x $FFRUGLQJWRVDPSOHVDQDO\VLVWHPSHUDWXUHH[WHQGHGFFKXPLGLW\H[WHQGHGDQGDLU
PRYHPHQW LV EHWZHHQ VPPV  $OO WKH UHVXOWV DUH RI WKHUPDO FRPIRUW IRU FRXUW\DUG H[WHULRU
VSDFHV RI EXLOGLQJV ZKLFK FDQ FRUUHVSRQG VXVWDLQDELOLW\ GHSHQGLQJ RQ QDWXUDO UHVRXUFHV DQG WKH
SURSHUW\RIGHVLJQ
x 7KHUH LVGLIIHUHQFH LQ WHPSHUDWXUHEHWZHHQ WRWDOO\FORVHGFRXUW\DUGRIEXLOGLQJVRIJULG LURQSODQQLQJ
SDWWHUQDQGJUDLQHGFRXUW\DUGGXHWRSHQHWUDWLRQ
x 7KH UHGXFWLRQ RI FRXUW\DUG WHPSHUDWXUH DIIHFWV WKH WHPSHUDWXUH RI URRPV VXUURXQGLQJ WKH FRXUW\DUG 
DFFRUGLQJWRWKHUHGXFWLRQRIKHDWJDLQWKURXJKWKHZDOOV

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